IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Patent Application of: ) 
KHADAVI ) 

) Examiner: A. Wahba 
Serial No. 09/684,536 ) 

Filing Date: October 6, 2000 ) 

Confirmation No. 1536 ) Art Unit: 2661 

For: SYSTEM AND METHOD FOR ) 
BROADBAND ANALYSIS OF ) 
TELEPHONE LOCAL LOOP ) 

» RECEIVED 

DECLARATION UNDER 37 CFR §1.131 

Mail Stop Amendment 
Commissioner for Patents 
P. O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

I, KAMRAN R. KHADAVI, do hereby declare and state: 

1. I am the sole inventor of claims 1-43 as 
originally filed in the above- identified patent application. 

2. Prior to September 3, 1999, the effective date 
of U.S. Patent No. 6,266,395 to Liu et al . , while employed at 
Harris Corporation in Camarillo, California, I conceived the 
invention of a bandwidth analysis tool that is operative as a 
system and method for broadband analysis of a telephone local 
loop. I worked diligently from conception in developing the 
software and hardware on which it is to be run, including 
pseudo-code, up to the time of filing the instant patent 
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application. My invention includes a system and method for 
analyzing a telephone local loop. In one aspect of the 
invention, the system and method determines the physical loop 
faults within the local loop, qualifies the local loop for a 
particular digital subscriber line (DSL) technology, 
quantifies the local loop by calculating the signal-to-noise 
ratio, and calculates the data rates of the local loop for a 
particular DSL technology. 

3 . The DSL technology could be symmetric or 
asymmetric DSL and the system could model the local loop by 
modeling resistance, inductance, capacitance, and conductance 
(RLCG) primary constants and the line parameters for various 
segments of the local loop. These line parameters can be 
modeled as based on frequency and RLCG primary constants. 
Also, a particular DSL technology could be selected from a 
configurable list of DSL technologies. 

4. This conception is reflected in Exhibit 1, 
which is taken from my laboratory notebook. These entries 
reflect that I had defined basic measurements of the bandwidth 
analysis tool of the present invention on pages 98 and 99. 
Pages 101 and 102 define Shannon's law in terms of items that 
are known or measured relative to the present invention and 
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provides a list of measurements that may be obtained with the 
bandwidth analysis tool of the present invention. 

5. Page 102 is a memorandum setting forth details 
regarding the requirements of the present invention showing 
the bandwidth analysis tool module requirements for relevant 
data. That memorandum sets forth details regarding what can 
be used to analyze a line for DSL capability and a failure 
threshold with individual paths/margin/fail indications. 

6. Exhibit 2 is a brief memorandum detailing the 
intended physical platform for the bandwidth analysis tool of 
the present invention and the types of product output, 
measurement input, and requirements of a cable fill tolerance 
prediction tool. I note that the software would later be 
implemented for the model. 

7. Exhibits 1 and 2 are dated before September 3, 
1999, and show a basic conception of the system and method of 
the present invention for determining physical loop fault, 
qualifying and quantifying the local loop, calculating the 
data rates, and modeling of the local loop. 

8. After September 3, 1999, I worked diligently on 
my bandwidth analysis tool with line modeling as shown in 
Exhibit 3, taken from pages 119-123 of my laboratory notebook. 

I also prepared preliminary pseudo-code as reflected in 
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Exhibit 4 and later drafted an invention disclosure. Exhibits 
3, 4, and 5 reflect work accomplished after September 3, 1999. 
I worked diligently with the patent attorney to draft and 
complete a patent application covering my invention. This 
patent application was filed on October 6, 2000. 



Exhibits 1-5, with Exhibits 1 and 2 reflecting conception and 
work on my invention prior to September 3, 1999. 



herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and 
further that these statements were made with the knowledge 
that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 
1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 



9. 



The dates are deleted on the sheets for 



10. 



I hereby declare that all statements made 
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WTP Bandwidth Analysis Module Requirements 



The current WTP design provides raw data results of various "wide band" copper cable 
anomalies. The purpose of the analysis module is to analyze these raw results both individually 
and collectively to determine the acceptance of the line to carry the desired xDSL service. 

What Harris product actually performs the analysis is TBD, although it is likely CTS6000 in the 
near future. Eventually, WTP or its successor may perform this function as an optional module. 

There are seven relevant data that can be used to analyze a line for DSL capability: 



'Noise: A single result of noise averaged over a specified frequency range. Result is in dBrn, 
.dBm, or dBm/HZ. 

/Noise versus frequency: An array of measured noise averaged measured over a smaller 
frequency range (i.e. 4khz) duplicated up to 255 times over a wider frequency range. Results 
are in dBrn, dBm, or dBm/HZ. 

impulse noise: A measure of number of counts of detected impulses over a specified 
threshold over a specified period of time. Result is in number of counts. 

-.'Bridge tap location and length: Results are returned in length from RTU to "bridge" 
(connection of undesired pair), and the length of that "tap". Lengths are reported in feet or 
meters. 

Loss: The RTU may interact with a third party hand-held equipment located at the customer 
premises to perform wide band loss measurements. The user may also have the ability to 
manually input the loop loss into the system. Result is in dBm. 
Length: Loop length in feet or meters. 

RTU VER code: The majority of the time, the loop will not be wide-band tested if the RTU 
voice-band test failed, but some marginal loops may still allow xDSL service. Refer to the 
RTU manual for VER code information. 
Facility information: If aDLC : 
xDSL service. 



,C is detected, that loop may or may not support all kinds of 



Each of these will require a pass, marginal, and failure threshold that may or may not be different 
for each xDSL service available. In addition, the all of the noise measurements may have to be 
adjusted to estimate the worst case noise present' (see attached document). 

Now, the bigger problem. The results above may provide 8 indiv idual pass/margii^fail 
indicatio n^ but our customer wants to know only one result, "can tffisToop carry the desired 
xDSL service, and at what data rate?". A method musTEe developed to combine length with any 
number and any combination of the remaining 7 results to produce a pass, marginal, or failure 
resuit of the line under test and an estimated data rate. (Note: one possible solution is to try to 
normalize each of the results to a common unit {i.e. dBm} that can be added, and the total added 
error must be less than a defined mask". ~j l . , J, , >^ 

References: For ADSL-DMT, see T1.413, issue 2, For ISDN, T1.601; There are many references 



available on the Tl.org web-site amongst others. 
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Bandwidth Analysis Tool Mini-MRD 



Background 

Digital Subscriber Line (DSL) provisioning and rollout is hampered by the transmission 
characteristics of the copper outside plant. One of the biggest challenges to a service 
provider is the estimation of the transmission technology type and potentially achievable 
bit rate of that technology on a specific telephone pair. The Bandwidth Analysis Tool is 
a software product that integrates RTU Multimeter testing, Wideband Test Pack (WTP) 
loop performance measurements, and cable records information to make a 
recommendation of the "best" service that a pair can provide. 

Desired Product Output 

1. The Bandwidth Analysis Tool output is a recommendation of the "best" technology 
and bit rate to use on a line. The meaning of "best" takes two forms. The first form 
is the fastest technology and the achievable bit rate of that technology. The second 
form is a more stable or reliable service technology that provides "good" data rates. 
Therefore, the output is two text items indicating the fastest technology and bit rate, 
and the more stable/reliable technology and bit rate. 

2. The second use of the Bandwidth Analysis Tool is to start with a desired DSL 
technology and use the RTU test results to confirm that this technology will work on 
the selected copper pair. 



Intended Platform 

The Bandwidth Analysis Tool is intended to run on the CTS-6000 platform. Both the 
CUI and new GUI interfaces shall be supported. 



Measurement Input 

The following Remote Test Unit measurement data form the input to the Bandwidth 
Analysis Tool. (This list is important to achieve alignment between customer facing 
marketing collateral for the product and the actual technical solution behind the scenes.) 



• RTU loop test results data including length. 

• RTU loaded loop test. 

• WTP noise margin spectrum data. 

• WTP circuit loss data (two-ended loss test or some new single-ended 
technology) 

• WTP wideband circuit balance. 
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RTU loop resistance. 

WTP impulse noise reading??? (Takes too long; may not give real benefit). 



Records or User Input 

The following user input data is required to assist with the analysis. 

• Cable pair gauge and makeup. 

• Presence of Downstream DLCs. 

• Presence of alarm circuits in the same binder group. 

Phase 2 Feature: Cable Fill Tolerance Prediction Tool 

Jonathan Chien raised the point that a service provider would want to be able to predict 
what would happen to existing DSL customers in a cable or binder group as new services 
were added. This would give them a topi to proactively perform bandwidth management 
and noise margin management of the outside plant without upsetting existing DLS 
services. 

This feature is very powerful, but requires a full cable records dataload into the CTS- 
6000 database (or a way to externally access it) along with the storage of all of the new 
WTP data. The new product technology that would be required to support this feature are 
listed below: 

• Full cable records with binder group data and DSL line identification. 

• Storage of noise floor and circuit impedance data for each DSL line. 

• Creation of a mathematical model to determine the incremental impairment of 
a DLS loop as a new disturber of a specific technology type is added to the 
binder group. 

• Creation of software to implement this model over the large CTS-6000 data 
set and provide meaningful and usable output. 

• This feature can be tied in with the Bandwidth Analysis Tool to warn the user 
of the potential upset of neighboring DSL lines and make a recommendation 
of a technology that causes the least spectrum impact to a cable binder group. 

This is truly a Next Level Solution concept! 



Harris Corporation 
Confidential Information Not For Disclosure 
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1. Overview 



1.2 BAT System Simplified Flowchart 




Get recommendation order from 
configurable list 



set 

Done = FALSE 



set 

Technology = Nexl 
technology 




hnc4oyp> 
Last 
technology; 



set 

Done = TRUE 



call 
BAT Engine 





/return success^ 
/ technology. 
I data rate(s), 
\other statuses/ 



/ return failure, \ 
f reason(s) for ] 
V failure J 



1.3 BAT Engine Simplified Flowchart 



^ BATEngine ^ 



Determine Physical Loop Faults: 

- Test for shorts 

- Test for opens 

- etc... 




Qualify Loop: 

- Test for LoadCoil 

- Test for impulse noise count 

- Test for number of ringers 

- etc... 



Yes 




Yes 



set 

Status = PASSED 



Loop Quantification: 

- Model the loop 

- Calculate received signal PSD 

- Calculate signal-to-noise ratio 

- Calculate data rates 



set 

Status = FAILED 



return 
Statuses, 
Data Rates 



2. Pseudo-code BAT Engine 



Inputs : 

Test Results from WTP, RTU and Plant data 

Threshold Data (technology and sub_tech dependent) , from a setup 
table 

Downstream and Upstream transmit Signal Data (technology 
dependent) , 

Technology ID 

Outputs : 

Pass/Fail status 

Reason for failure and/or status information 
Downstream data rate 
Upstream data rate 



{ 
} 



Determine Physical Loop Faults 
Analyze loop for xDSL 
// end of BAT Engine pseudo-code 



3. Pseudo-code to Determine Physical Loop Faults 

Inputs : 

Test Results from WTP, RTU and Plant data 

Technology dependent Threshold Data (technology dependent) 
Technology ID 

Outputs : 

Pass/Fail status 
Reason of failure 



if Load Coil Information is Available 

{ 

if Load Coil Present 
{ 

set PassFail = FAIL; 

set status Load Coil Present; 

} 

else 

{ 

set PassFail = PASS; 
} 

} 

else 

^ set Reason for failure, Load Coil Information Not 

Available; 

} 

} 



4. 



Pseudo-code to Analyze XDSL 



Inputs : 

Test Results from WTP, RTU and Plant data, 
Threshold Data (technology dependent) , 

Downstream and Upstream transmit Signal Data (technology 
dependent) , 

Technology ID 

Outputs : 

Pass/Fail status 
Reason of failure 
Downstream data rate 
Upstream data rate 



switch (Technology ID) 

// symmetric technoloigies 
case BAT_HDSL: 
case BAT_HDSL_1160 : 
case BAT_HDSL_584 : 
case BAT_HDSL_3 92 : 

case BAT_SDSL: 
case BAT_SDSL_144 : 
case BAT_SDSL_400 : 
case BAT_JSDSL_784 : 
case BAT_SDSL_104 0 : 
case BAT_IDSL: 

Analyze Symmetric DSL; 
break; 

// Asymmetric technologies 
case BAT_ADSL: 
case BAT_RADSL : 
case BAT_HDSL2 : 

Analyze Asymmetric DSL; 

// VDSL is processed separately 
case BAT_VDSL: 

AnalyzeVDSL; 

break; 

default : 

set PassFail = FAIL 
set Reason for failure, technology not supported 

} // end switch (Technology ID) 



} // end Analyze XDSL 



5. 



Pseudo-code to Analyze Symmetric DSL 



Inputs : 

Test Results from WTP, RTU and Plant data 
Threshold Data (technology dependent) 

Downstream and upstream transmit Signal Data (technology dependent) 
Technology ID 

Outputs : 

Pass/Fail status 
Reason of failure 
Downstream data rate 
Upstream data rate 

{ 

Qualify Loop 

if Loop Qualified 

{ 

switch (Technology ID) 

{ 

case BAT_HDSL: 
case BAT__HDSL_1160 : 
case BAT_HDSL_584 : 
case BAT_HDSL_3 92 : 
Quantify HDSL 
break; 

case SDSL: 

case SDSL_144: 
case SDSL_400: 
case SDSL_784: 
case SDSL_1040: 
case SDSL_1568: 

Quant if ySDSL 
break; 

case BAT_IDSL: 

Quantify IDSL 
break; 



} // end switch (Technology ID) 
} // end Analyze Symmetric DSL 



6. 



Pseudo-code to Analyze Asymmetric DSL 



Inputs : 

Test Results from WTP, RTU and Plant data, 
Threshold Data (technology dependent) , 
Signal Data (technology dependent) , 
Technology ID 

Outputs : 

Pass/Fail status 
Reason for failure 
Downstream data rate 
Upstream data rate 

{ 

Qualify Loop 
Quantify Loop 

} // end Analyze Asymmetric DSL 



7. 



Pseudo-code to Qualify Loop 



Inputs : 

Test Results from WTP, RTU and Plant data, 
Threshold data (technology dependent) , 
Technology ID 

Outputs : 

Pass/Fail status 
Reason of failure 

{ . 

if Load coil information available 

{ 

if Load coil present 
{ 

set Pass/Fail status = FAIL; 

Set Reason of failure status, Load Coil Present 



TRUE; 



} 

else 

{ 



} 

else 

{ 

LcoilPresent Status = FALSE; 

} 



set status Load Coil Information Not Available = 
NOT AVAIALBALE; 
} 

if Impulse Noise test results available 

^ if Impulse Noise Count less than threshold count 

^ set status ImpulseCountHigh = PASS 

} 

else 

{ 

set status PassFail = FAIL 

set status ImpulseCountHigh = FAIL 

} 

} 

else 

^ set status WimpulseTestNotAvailable = NOT_AVAILABLE 

} 

if Number of Ringers less than threshold 

set Reason of failure status RingerFault = PASS 

else 

set status PassFail = FAIL 

set Reason of failure status RingerFault = FAIL 

} 

} // end Qualify Loop 



8. Pseudo-code to Quantify Loop 



Inputs : 

Test Results from WTP, RTU and Plant data, 
Threshold data (technology dependent) , 
Signal Data (technology dependent) , 
Technology ID 

Outputs : 

Pass/Fail status 
Reason of failure 
Downstream data rate 
Upstream data rate 

Model Loop (note: currently identical for both directions) 
setup power spectral density of transmit data for downstream 
tranf ers 

setup downstream signal-to-noise-ratio array 
calculate downstream data rate 

setup power spectral density of transmit data for upstream tranfers 
setup upstream signal-to-noise-ratio array 
calculate upstream data rate 

} // end Quantify Loop 



9. 



Psuedo-code to Model Loop 



Inputs: 

Number of Channels, 
Start Frequency, 
Delta Frequency, 
Test Results, 
Technology ID, 

Outputs: 

Loop Data 



{ 

set source and load impedances 
If Wire Gauge Information available 
Set Wire Gauge 

Else 

Set Wire Gauge to default wire gauge 

If Bridged Tap Information is not available 
Set number of taps to zero 

Else 

{ 

Calculate Loop's ABCD matrices 

} 

Calculate Insertion Loss of the loop 
} // end Model Loop 
10. 



11. 



Pseudo-code to Calculate Loop's ABCD Matrices 



Inputs: 

Number of Channels 
Start Frequency 
Delta Frequency 
Length of the segment 
Wire Gauge 
Bridged Tap Flag 
Loop Data 

Output: 

Loop Data 

{ 

initialize loop [ABCD] to unity 
do for all segments of the loop 
{ 

Do for the frequency range 
{ 

Model the RLCG Constants 
Model Line Paramters 
If it is Bridged Tap section 

{ 

A= 1 
B = 0 

C = Ctanh (Gamma) 
D = Ctanh(Gamma)/ZO; 

} 

else 
{ 

A = D = Ccosh (Gamma) 
B = Csinh(Gamma) * ZO; 
C = Csinh(Gamma) /ZO; 

} 

Multiply by the accumulated [ABCD] from previous segments 
} // end do for the frequency range 
} end do for all segments of the loop 



} // end Calculate loop's ABCD matrices 



12. 



Psudo-code to Model the Primary Constants RLCG 



Inputs: 

Frequency in kHz 
Wire Gauge 

Outputs: 

Primary Constants, RLCG 

{ 

if Wire Gauge Information Available 

set cable model parameters based on the wire gauge 

else 

set cable model parameters using average of AWG_24 and AWGJZ6 
Calculate Primary Constants, RLCG 



Pseudo-code to Calculate Insertion Loss 



Do for all channels 
{ 

set load impedance (ZJoad) for the current technology 

set source impedance (Z_source) for the current technology 

Insertion Loss = 20 * log (abs ((A * ZJoad + B + Z_source * 

(C * ZJoad +D))/Z_source + ZJoad))) 
} // end of for all channels} // end of Calculate Insertion Loss 



14. Pseudo-code to Calculate Line Paramters 

Inputs: 

Frequency 

Primary Constants (RLCG) 

Outputs: 

Line Parameters 

{ 

Z = R + j*2*PI*f*L; 
Y = G + j 2PI*Frequency*C; 
Gamma = Csqrt(Z*Y); 
ZO = CSqrt(Z/Y); 
} // end Calculate Line Paramters 



15. 



16. Pseudo-code to Setup Signal to Noise Ratio 



Inputs: 

Number of channels 
Start Frequency 
Delta Frequency 
PSD data 
Wmargin data 
Loop data 
Downstream flag 

Outputs: 

Signal to noise ratio for all channels 

{ 

Do for all channels 

convert transmit signal PSD from dBm/Hz to dB 
calculate signal level at receiver end 
convert noise to dB 

signal to noise [dB] = signal [dB] - noise [dB] 

} // end for all channels 

} // end Setup Signal to Noise Ratio 



17. 



18. Pseudo-code to Calculate Data Rate 

Inputs: 

Bat Results 
Number of Channels 
Start Frequency 
Delta Frequency 
Signal to noise data 
Technology ID 
Downstream flag 

Outputs: 

Downstream/upstream data rate 



Switch (Technology ID) 
{ 

case BAT_ADSL: 
if (Downstream) 

{ 

for channels 33 through 255 (excluding channel 64) 

signal_to_noise [dB] = signal_to_noise - snr_margin - snr_gap 
if (signal_to_nois > 0) 

{ 

Delta Capacity = log2(l + pow( 10.0,0. l*signal_to_noise 

[dB])) 

If (Delta Capacity > MAXJBIT) 

Delta Capacity = MAX BIT 

If (Delta Capacity < MINBIT) 

Delta Capacity = MIN BIT 

Downstream Data Rate = Downstream Data Rate + 

Delta Capapcity * data_frame_rate 

} 

} 

else 

{ 

for channels 6 through 3 1 (excluding channel 16) 

signal_to_noise [dB] = signal_to__noise - snrjnargin - snr_gap 
if (signal_to_noise > 0) 

{ 

Delta Capacity = log2(l + pow(10.0,0.1*signal_to_noise 

[dB])) 

If (Delta Capacity > MAXJ3IT) 

Delta Capacity = MAXJBIT 

If (Delta Capacity < MIN_BIT) 

Delta Capacity = MINJBIT 

Upstream Data Rate = Upstream Data Rate + 

Delta Capapcity * data_frame_rate 

} 

break; 



case HDSL2: 

Not implemented yet 



break; 

case BATJVDSL: 

break; 

default: 

for all channels 

{ 

signal_to_noise ratio = signal_to_noise ratio - snrjnargin - snr_gap 
if (signal_to_noise_ratio > 0) 

{ 

Delta Capacity = log2(l + pow(10, 0.1 * signal_to_noise ratio)) 
Total Capacity = Total Capacity + Delta Capacity * data_frame_rate 
} 

} 

} 

} // Calculate data rate 
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HARRIS CORPORATION 

PROPRIETARY INFORMATION 

INVENTION DISCLOSURE 

(Accompanying Extsnslon to Record of Invention) 



Division: 


NSD 


Folder #: 


OR-224 



Invention Title; 



Bandwidth Analysis Tool (BAT) 



FIELD OF THE INVENTION 

The preeent Invention \a directed to communication systems In general, and Is particularly conoerned with 
qualifying and quantifying loops for D8L (Digital Subscriber Une) technologies and/or recommending the best 
technology, for a given application, for the loop under test. 

BACKGROUND OF THE INVENTION 

The Inability to pre-qualify copper loops accurately hat been a significant obstacle for the local exchange carriers 
(LECS). Pre-cjumlificBtion is critical because all flavors of Digital Subscriber Line (DSL) deployment is dependent on the 
design and quality of the outside plant (OSP) and DSL technologies are blocked by the presence of load colls. Pre- 
qualification is the testing of loops to determine if the loop is capable of supporting DSL transmission prior to attempting 
to provide service - a hot topic in the industry* The abtihy to quality a loop without having 10 dispatch technicians to 
either the central office (CO) or the customer's premises will result in significant cost savings for the LBC. The 
significant number of DSL services projected by the industry implies a strong need for an automated testing capability to 
handle the growing line volume. 

The loop qualification goal is to predict a loop's capability to support Digital Subscriber Line (DSL) services across the 
entire range of frequencies over which the technology operates* 

The current Wideband Test Pack (WTP) design provides raw data results of various "wide band** copper cable 
anomalies. The purpose of the Bandwidth Analysis Tool (BAT) is to analyze these raw result* both individually and 
collectively to determine the capability or acceptance level of the line to carry the desired DSL service. 



SUMMARY OF THE INVENTION 
The Bandwidth Analysis Tool (BAT) analyzes the raw data results from the Wideband Test Pack (WTP), and 
plant record data, to qualify and quantify the loop under test for a particular DSL technology. Alternatively, the 
Bandwidth Analysis Tool (BAT) analyzes the WTP data and plant record data to recommend the best 
technology for a given application. The analysis consists of loop qualification and quantification based on the 
WTP raw data results, plant record data, loop topology and Insertion loss of the loop. The Insertion loss of the 
loop is calculated by modeling the loop, with or without bridged taps, taking Into account the cable type and 
gauge and loop length and topology* Signal to noise ratio of the received signal is calculated using the 
technology dependent transmit signal power spectral density templates and noise versus frequency data 
results from the Wideband Test Paok (WTP). The downstream and upstream data rates are calculated for the 
loop under test. 
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HARRIS CORPORATION DR-224 INVENTION DISCLOSURE (cont'd) PROPRIETARY INFORMATION 



The algorithm for loop qualification and quantification consists of two principle function*: 

1 . Determination of physical loop faults 

2, Anafyting for DSL technology 

Determination of physical loop faults Is performed by testing for shorts, opens, load colls, etc. 
Analyzing for DSL technology is performed by analyzing for symmetric DSL or asymmetric DSL as 
appropriate. Loop qualification Is done by testing for presence or absence of load coll*- impulse nolee counts, 
and ringers counts and comparing the counts with thresholds specified by the given technologies. 

Loop quantification is performed for DSL technologies by modeling the loop under test, calculating signal to 
noise ratio and calculating data rates, in the case of symmetric DSL technologies, downstream and upstream 
data rates are equal. In the case of asymmetric DSL technologies, downstream and upstream data rates are 
calculated baaed on downstream and upstream transmit signal power spectral densities (PSD), Insertion loss 
and noise versus frequency measurements. 

Loop quantification for VDSL Is performed as a special case, due to the restrictions of the bandwidth of WTR 
In the case of VDSL* loop quantification Is performed based on the loop topology rather than using signal to 
noise ratios* 

In the case the mode Is set to "recommend best technology", the technology is set to a DSL technology from a 
configurable list of technologies and the analysis Is performed for each technology In the list until the loop 
qualifies or continues analysis of the loop for the next technology In the list or the list Is exhausted, In which 
case the program returns "Failed* status. In the case the loop qualifies for a DSL technology, the status Is set 
to "Pass" and the recommended technology Is set to the current technology for which the loop Is being 
analyzed for, and calculated data rate(s) are returned 

The following flowcharts depict a simplified high-level flow of the algorithms: 
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For further Information, rafer to Bandwidth Analysis Tool (BAT) p$euck>-code. 
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Q B*TgnoJn» 

X 

Dvtftrmtn* Phyifcat Loop FbuH>: 

- T«t to* tfttrtt 

- Tart for opons 
• ttOi.* 




No 

■ - » 

Qualify Loop: 

.TWtorUwdCoii 

- Ttft for Impulio note* oouni 

* T«ft for number of rtno*f* 




Statu* - PASSED 



LoopouinwoaDon: 

••Modal th» bop 

• Cttoulato rooohmd Dgn»i PSD 
' CtfeuWto «lon«Mo*f)ol«» rmtfo 
>CllOM<tLft<l§t*r«t9* 



Stfttut f FAILED 



return 

SttftftM, 
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KNOWN PRIOR ART (IF ANY) 

None known at thie ttmo. 
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